Object permanence is considered the earliest method for assessing working memory. Factors affecting object permanence performance in a sample of two hundred and thirty-three 18-to 22-month olds born with extremely low birth weight were examined. It was hypothesized that object permanence would be directly related to emotional and attention regulation, that children with lower birth weight and higher illness severity would have more difficulty on the object permanence task, and that no ethnic/racial differences would be found, as this is considered a culturally unbiased task. Attainment of object permanence had a significant positive association with emotional and attention regulation, even after controlling the medical severity and socioeconomic factors. More girls than boys passed the object permanence items. There was no ethnic/racial difference on object permanence. Our findings indicate that object permanence may be a culturally fair way of assessing development, and emotional and attention regulation are potential avenues of intervention for such skill.
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Keywords: early working memory; object permanence; extremely low birth weight I t is well documented that infants born with extremely low birth weight (<1000 g) are at risk of displaying cognitive, attention regulation, and self-regulation difficulties. 1 These difficulties can persist throughout childhood and are associated with an increased incidence of learning difficulties, attention-deficit/hyperactivity disorder, and behavioral problems throughout childhood. 2, 3 Recently, an association with working memory (as measured by tasks such as the A not B task) has been shown with cognitive, behavioral, and academic outcomes of children born preterm. 4 Working memory refers to the process of holding task-relevant information in mind for brief intervals so that the information can be used to guide future actions 5 and is considered essential for higher order cognitive functioning. 6 Studies examining early working memory have shown that children born preterm have impaired working memory throughout childhood. 4, [7] [8] [9] [10] [11] Impairment in this skill is significantly associated with later risks of global intellectual and academic difficulties at school age in children born preterm. 12, 13 Studies examining the working memory impairment have highlighted the role of the dorsolateral prefrontal cortex. Goldman-Rakic 14 first documented that lesions in the dorsolateral prefrontal cortex of monkeys resulted in impairments on spatial delayed response, an essential skill for the A not the B task. Further investigation by Goldman-Rakic 5 substantiated that the ability to perform delayed response tasks such as the A not B task coincided with the period of highest synaptic density growth in the cortical regions of nonhuman primates.
There is increasing evidence that self-regulation and attention regulation play an essential role in working memory performance. 6, 15 Previous studies have shown that the infants who demonstrate self-regulatory problems have more difficulty exploring and attending to the environment, limiting their ability to engage effectively in working memory tasks. 6, 15 Although this association between self-regulation and working memory performance has been demonstrated in infants born full-term, 6, 15 no study to date has examined this relationship in a population of infants born with extremely low birth weight.
The purpose of this study was to better understand the early working memory as measured by object permanence tasks in 18-to 22-month olds born with extremely low birth weight, and its relationship to measures of cognition (ie, Mental Developmental Index) and self-regulation (ie, emotional and attention regulation). We hypothesized that children born with extremely low birth weight would display difficulties on the working memory task (ie, object permanence) directly associated with difficulties in emotional and attention regulation. The relationship between object permanence performance and medical factors such as birth weight, gestation, illness severity, and hydrocortisone therapy and sociodemographic factors such as gender and maternal education was also explored.
Additionally, we postulated that object permanence performance would be directly related to a measure of cognition (Mental Developmental Index) but that unlike the Mental Developmental Index scores, performance would not differ by ethnicity, as this should be a culturally neutral, unbiased test. In contrast, we expected that the Mental Developmental Index would be affected by race and ethnicity, as it has previously been shown to be ethnically biased. 16 
Methods
Infants eligible for this follow-up study were the surviving infants who had been enrolled in a multicenter study of lowdose hydrocortisone therapy for prophylaxis of early adrenal insufficiency. 17 Singletons and twins between 500 and 999 g birth weight were eligible if they were mechanically ventilated at the study entry (12-48 hours postnatal age), as this was a requirement for the larger study. The study protocol was approved by the institutional review boards at all participating institutions, and parental consent was obtained prior to enrollment. At the evaluation, demographic and medical histories were obtained, and weight, height, and head circumference were also recorded. 17 Development was assessed with the Bayley Scales of Infant Development II 18 with a Mental Developmental Index calculated as a measure of cognition. All examiners administering the Bayley Scales of Infant Development II were trained and certified.
Emotional and attention regulation were assessed using the Emotional Regulation and Orientation/Engagement scales of the Bayley Scales of Infant Development II and the Behavior Rating Scale, respectively. The examiner who administered the Bayley Scales of Infant Development II scored the Behavior Rating Scale, based on the observation of the child during testing. The 30-item Behavior Rating Scale contains questions regarding the child's sustained attention, distractability, task reactivity, task persistence, affect, and social orientation. The rating scale was completed by the examiner after administering the Bayley Scales of Infant Development II Mental Scale, and each item was rated on a 5-point likert scale. The examiners completing the Behavior Rating Scale were blinded to the object permanence study, not knowing how the object permanence items would be used.
Items 84, 96, and 102 of the Bayley Scales of Infant Development II Mental Scale were used as measures of object permanence. The object permanence items sequentially increased in difficulty. First, the child was asked to find a toy hidden under 1 of 2 cups (item 84). Second, the cups were reversed after the toy was hidden (item 96). Third, double visual displacement was used; the toy was hidden under 1 cup, removed and hidden for the second time under the second cup (item 102). The number of object permanence items correctly completed was calculated for each child and used as an ordinal measure. Birth weight, gestational age, and the Clinical Risk Index for Babies 19 (CRIB), a measure of illness severity, were used as indicators of medical risk, whereas maternal education as a proxy for family socioeconomic status. Head circumference (occipital-frontal circumference) at testing was measured as a measure of medical risk (ie, growth restriction).
Statistical Analysis
Achievement of object permanence was analyzed using ordinal logistic regression. We first used an unadjusted model, with each variable separately entered into the regression equation.
Then, a full model included adjustment for the following characteristics: gestational age, birth weight, gender, ethnicity, CRIB score, hydrocortisone treatment, maternal education, and emotional and attention regulation. Unless otherwise noted, all hypotheses tests were 2-sided and used a significance level of .05. All statistical analyses were conducted using SAS Version 9 (SAS Institute Inc, Cary, North Carolina).
Results
Of the surviving 291 infants of the original multicenter study, 17 250 (87%) were assessed at follow-up. There were insufficient numbers of several ethnic/racial groups for adequate analysis; therefore, 17 children (4 native Americans, 2 black Hispanics, and 11 Asians) were excluded from analysis. A total of 233 (80%) of the surviving cohort are the participants of these data. Demographic characteristics are shown in Table 1 .
The object permanence scores ranged from 0 to 3 in the following manner: 15% completed no items, 15% completed 1 item correctly, 14% got 2 items correct, and the remaining 56% correctly answered all 3 items. Object permanence showed significant positive correlations with Orientation/Engagement and Emotional Regulation scores on the Bayley Scales of Infant Development II, Behavior Record (P ¼ .002 and P < .001, respectively). After controlling the medical and sociodemographic variables, only the relationship between object permanence and emotional regulation remained significant (P ¼ .018).
For the simple 1-factor analysis, girls performed significantly better than boys on the object permanence task (P ¼ .004). After adding medical, sociodemographic, emotional and attention regulation variables as covariates, gender remained significant (P ¼ .007). No significant differences were found between racial and ethnic groups in the achievement of object permanence. Medical risk factors, head circumference at 18 to 22 months, and maternal education were not related to the object permanence score.
Object permanence was significantly associated with cognition (Bayley Scales of Infant Development II Mental Developmental Index), such that the Mental Developmental Index scores increased as the ordinal object permanence score increased (P < .001). Birth weight, gestational age, CRIB score, and gender were all significantly related to the Mental Developmental Index score in an unadjusted model but were not significant in the full model analysis. Ethnic and racial group was significantly related to the Mental Developmental Index score (P < .001), that is the Hispanic and black children had significantly lower Mental Developmental Index than the white children had (mean + SD: Hispanic and black 77.4 + 16.5 and 72.5 + 16.0 vs white children 85.9 + 20.0). The racial/ethnic differences remained significant after controlling the medical, sociodemographic, and emotional and attention regulation variables (P < .001). Girls scored significantly higher than boys on the Mental Developmental Index score (mean + SD: girls 84.82 + 18.89 and boys 74.81 + 18.09), when a full model was used with sociodemographic, medical, emotional and attention covariates (P < .001; Table 2 ).
Object permanence was significantly associated with adjusted age at the time of testing in both the unadjusted model (P ¼ .01) and the full model (P ¼ .03). As the age at the time of testing increased so did the odds of having higher object permanence score. The findings of the full model, however, remained the same with gender and emotional regulation score maintaining significance in relation to the object permanence score.
Discussion
The primary purpose of this study was to better understand the early working memory in 18-to 22-month olds born with extremely low birth weight by examining the association between object permanence and selfregulation (ie, emotional and attention regulation) as well as the impact of ethnicity, gender, illness severity, and family socioeconomic status on object permanence performance. We found that the object permanence mastery was highly associated with measures of self-regulation, indicating that emotional and regulatory difficulties in children born with extremely low birth weight are associated with poorer performance on early working memory measures. In addition, we found a significant gender difference on object permanence performance, with girls having twice the odds of achieving object permanence mastery as boys. Adjusted age at the time of test was also significantly associated with the object permanence scores but did not affect the results regarding the significant gender findings, the association with self-regulation measures, and the lack of association with ethnicity. As expected, the Mental Developmental Index scores were highly associated with the object permanence scores, as 3 of the 25 cognitive items (ie, 12%) were used as the object permanence measure. However, despite the overlap in items, there still remained a clear contrast between the Mental Developmental Index and the object permanence scores as it regards to the impact of gender and ethnicity. As hypothesized, object permanence performance was not affected by ethnicity or race, in contrast to the Mental Developmental Index scores that were significantly affected by ethnic or racial group. Contrary to expectations, medical illness severity and family socioeconomic variables were not significantly associated with the object permanence mastery.
Recent studies indicate that working memory is a significant area of impairment in children born preterm. 4,7-11 Woodward et al 4 found that 2-year-old children born preterm had difficulty encoding new information in working memory and showed bilateral reduction in cerebral tissue volume in areas specifically related to working memory (ie, dorsolateral prefrontal cortex, parietooccipital, and premotor areas) on MRI scans, compared with children born full-term. Studies also indicate that working memory deficits in this population contribute significantly to the cognitive, behavioral, and academic outcomes of these children. 12, 13 Rose et al 12 found that working memory impairments at 12 months predicted the academic achievement and cognitive outcomes at 6 years of age in a sample of children born with very low birth weight (<1500 g). Given the importance of working memory impairment in predicting future outcomes, understanding the correlates of working memory deficits and the impact of factors such as ethnicity, gender, illness severity, and family socioeconomic status on such skills may help in early identification of such deficits, possibly permitting the use of early intervention techniques to ameliorate the working memory skills and related childhood outcomes. The significant correlation we found in this study between working memory tasks and measures of selfregulation indicates that children who demonstrate difficulty in regulating are more likely to show difficulty on early working memory tasks, such as the object permanence tasks. Children who display attention and/or emotional regulation difficulties may be less able to maintain their attention and encode critical aspects of the object permanence task and, as a result, have difficulty completing the task successfully. This is supported by findings indicating that children who have regulatory difficulties will, in the course of their attempts to regulate, decrease their attention to the environment, show less exploration of the environment, and show a diminished motivation to engage in exploration. 20 The relationship found between self-regulation and early working memory performance highlights the potential avenues of intervention. Treatment aimed at ways to enhance attention and emotional regulation in early childhood may help set the foundation for more advanced working memory skills.
Our finding that girls did better than the boys on a test of working memory has not been reported in previous studies, although previous studies have reported poorer cognitive outcomes among boys. 1, 21 Vohr et al 1 found that among the 18-to 22-month-old infants born with extremely low birth weight, male gender was a significant predictor of a subnormal Mental Developmental Index score (<70). Studies examining the school-age outcomes of children born with extremely low birth weight also indicate higher rates of cognitive impairments, learning disorders, and behavioral problems in boys. [22] [23] [24] The impact of ethnicity on intelligence testing has been explored since the 1960s when Arthur Jensen began the scholarly debate on race and intelligence. 16 Findings from outcome studies have been mixed, with some indicating that maternal race or ethnicity adds prognostic information to poorer developmental outcome, 25 whereas others attribute differences to socioeconomic status, 26 maternal education, 27 or non-white race. 1, 28 Our findings that the working memory items from the Bayley Scales of Infant Development II are not different among ethnic groups, whereas the Mental Developmental Index scores are, provide an additional reason to explore the measures of early working memory and other executive function measures. These types of measures may potentially be ethnically unbiased for minorities in contrast to traditional tests of cognition.
Our finding that the adjusted age at testing was related to the object permanence score was the one that we expected. It has been well documented 5,29 that object permanence is developmental in nature. In fact, children are unable to do this task before they have mastered the ability to recall that an object exists when out of view. The object permanence tasks presented in the Bayley Scales and also in tests such as the A not B task 30 increase in difficulty to measure various levels of spatial memory that are developmental in nature.
Limitations of our study include the absence of a fullterm control group and the small numbers within our ethnic groups, especially Hispanic. Additionally, the lack of effect found for gestational age, birth weight, and illness severity may be because of the narrow gestational age and birth weight window and high illness severity of the original study cohort. Because the object permanence items were taken from the Bayley Scales of Infant Development, our object permanence task did not have the increasing delays in item retrieval that is often included in the A not B task (the standard object permanence task). These items also comprised part of the overall Mental Developmental Index score, though they represented only 3 of more than 25 items generally administered. Future studies should examine ways to better assess the working memory in children born with extremely low birth weight at young ages, to assist in better identification of those children at greater risk for later attention and learning problems. Measures of working memory should be included in future studies of developmental outcomes, allowing us to go beyond measures of cognition which can be ethnically biased and have been shown to be poor predictors of later cognitive function. 31 Curricula are being developed which specifically target ways to enhance the early working memory. 32 These curricula, coupled with better ways to identify children with early working memory problems, could provide a framework for earlier, more comprehensive intervention programs to improve the outcomes for this very high-risk population.
